UNCLASSIFIED 


in  295  451 

(i«pAoduced 
luf.  ike 

ARMED  SERVICES  TECHNICAL  INPORMAnON  AGENCY 
ARLINGTON  HALL  STATION 
ARLINGTON  12,  VIRGINIA 


UNCLASSIFIED 


NOTICE:  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  puxi>OBe 
other  than  In  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  Incurs  no  responsibility,  nor  any 
obligation  >diat soever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  In  euiy  way 
supplied  the  sedd  drawings,  specifications,  or  other 
data  Is  not  to  be  regarded  by  Implication  or  other¬ 
wise  as  In  any  manner  licensing  the  holder  or  any 
other  person  or  coiporatlon,  or  conveying  any  rlf^ts 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  In  any  way  be  related 
thereto. 


Iadno.  295  451 


62-1?71 


EFFECT  OF  CYCLIC  HEAT  TREATMENT  ON  THE 
DIMENSIONAL  STABILITY  OF  METALS  AND 
ALLOYS  WHEN  A  LOAD  IS  CONTINUOUSLY  APPLIED 

By 

A.  A.  Bochvar,  G.  Ya,  Sergeev,  et.  al. 


^95451 


I 


FTP-TT-  6ii-i27i/i4.gj.» 


UNEDITED  ROUGH  DRAFT  TRANSLATION 


EFFECT  OF  CYCLIC  HEAT  TREATMENT 
ON  THE  DIMENSIONAL  STABILITY  OF  METALS 
AND  ALLOYS  WHEN  A  LOAD  IS  CONTINUOUSLY  APPLIED 


By:  A.  A.  Bochvarj  G,  Ya,  Sergeev;  V.  A,  Davydov; 
and  A,  A.  Zhulikova 

English  Pages:  12 

Source:  Issledovanlya  po  Zharoprochnym 

Splavam,  AN  SSSR,  Inst,  Metallurgll  Im, 

A.  A.  Baykov,  Vol,  VII,  Moskva,  I96I, 

pp.  3-10. 


SC-1532 

SOV/659-6I-7-O-I/44 


THII  THANtLATION  II  A  MNOITION  OF  TNI  ORIOI. 
NAL  FOUeiON  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMSNTI  OR  TNEORIEI 

PREPARED  DYi 

ADVOCATED  OR  IMRLIEO  ARE  TNOSS  OR  TNE  MURCE 
AND  DO  NOT  NECEMARILV  REFLECT  TNEROMTION 

TRANSLATION  SIRVICEI  DRANCN 

OR  OPINION  OP  TNE  POREIOM  TSCNNOLOOY  DK 

POREIOM  TECNNOLOOV  DIVISION  . 

VIMON. 

VP*APt,  ONKL 

FTD-n-,  62-1271/1+2+4 


Date  7  Dec.  19  62 


P 


EFFECT  OF  CYCLIC  HEAT  TREATMENT 
ON  THE  DIMENSIONAL  STABILITY  OP  METALS 
AND  ALLOYS  WHEN  A  LOAD  IS  CONTINUOUSLY  APPLIED 

A,  A.  Bochvar,  et  al. 

Cyclic  heat  treatment  (c.h.t.)  causes  In  all  metals  and  alloys 
residual  changes  of  dimension  In  the  tested  specimens  or  articles. 
These  changes  attain  very  high  values  under  cyclic  heating  and  cooling 
conditions [ 1 ] . 

The  residual  dimensional  changes  occurring  In  articles  under  the 
effect  of  c.h.t,  cause  enormous  damage  In  the  most  different  areas  of 
modern  technology  and.  In  particular.  In  that  of  reactors  and  nuclear 
piles  ^1.  Therefore  a  study  of  the  factors  affecting  residual 
changes  In  the  shape  of  specimens  and  articles  undergoing  c.h.t, 
and  of  ineasvires  against  this  Injurious  phenomenon  has  great  practical 
and  theoretical  significance. 


Fig.  1,  Graph  of  cyclic  heat  treat¬ 
ment,  a)  uranlxim;  b)  aluminum,  a-  and 
p-brass,  (a+b) -brass, 
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The  present  work  Investigates  the  Influence  of  a  continuously 
applied  load  on  the  dimensional  stability  of  various  metals  and  alloys 
In  c.h.t.  Flat  specimens  of  the  same  shape  with  an  over-all  length  of 
100  mm  (length  of  working  section  4o  mm,  breadth  8  mm,  thickness  2  mm) 
made  of  ureinlum,  aluminum,  zinc,  and  alloys  of  copper  and  zinc  of 
varying  congjosltlon.  The  uranl\an  specimens  were  tested  In  a  special 
set-up  under  vacuvm  (10"®mm  Hg)  j  auid  all  the  others,  unprotected  from 
oxydatlon— heated  In  air  and  cooled  In  water.  The  specimens  were 
cyclically  heat  treated  In  the  ten5)erature8  ranges  180  to  550°  for 
uranium,  20  to  400°  for  aluminum,  20  to  500°  for  zinc,  20  to  600°  for 
alloys  of  copper  and  zinc.  The  temperature  of  the  specimens  was 
checked  by  thermocouples  welded  to  them  at  three  points. 

Figure  1  presents  a  graph  of  the  c.h.t.  The  magnitude  of  resldiial 
deformation  was  ascertained  In  the  specimens: 

1,  after  c.h.t,  without  application  of  an  external  load; 

2.  after  c.h.t.  with  application  of  tension  during  the  heat  cycle 

5.  after  tests  for  creep  at  a  temperature  equal  to  the  top  cyclic 

tenperature . 

The  duration  of  these  tests  was  equal  to  the  conplete  period  of 
the  heat  cycle  multlpled  by  the  number  of  cycles.  The  size  of  the  load 
In  c.h.t.  under  load  and  In  the  creep  tests  was  the  same. 

Textured  uranium  rolled  In  the  a-phase  region  and  untextured 
uranium  annealed  In  the  7-phase  region  and  hardened  from  the  ^-phase 
region  were  tested.  The  textured  uranium  specimens  were  cut  out  with 
and  across  the  direction  of  rolling.  As  Is  known,  a  sheet  of  textured 
uranium  rolled  In  the  a-phase  region  lengthens  along  the  direction  of 
rolling  and  contracts  perpendicularly  thereto  under  the  effect  of 
c.h.t.  at  certain  parameters  of  the  heat  cycle. 
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The  poat»te8t  results  of  measuring  the  dimensions  of  the  viranlum 
specimens,  cut  across  the  direction  of  rolling  at  ^00°  with  609^  reduc¬ 
tion,  are  shown  In  Fig.  2.  As  Is  evident,  c.h.t.  without  load  caused 
contraction  In  length  of  the  transverse  specimens,  but  the  tests  for 
creep  showed  a  slight  Increase  In  their  length,  C.h.t,  with  a  con¬ 
tinuously  applied  load  led  to  significant  resldvial  deformation  In  the 
direction  of  application  of  the  external  load.  Specimen  2,  for  ex£unple, 
ifter  c.h.t.  In  the  l80-550°  range  without  load  contracted  by  1.655^; 
specimen  3  after  creep  testing  lengthened  by  0.2^;  but  specimen 
after  c.h.t.  with  a  continuously  applied  stress  of  a  =  1,25  kg/mm*  not 
only  did  not  contract,  but  lengthened  by  6.55^#  notwithstanding  that 
the  negative  effect  of  the  dimensional  changes  In  c.h.t.  exceeds  In 
absolute  value  the  positive  effect  In  creep. 


Pig,  2,  Effect  of  a  continu¬ 
ously  applied  stress  (1.25  kg/mm®) 
on  residual  deformation  of  uran¬ 
ium  rolled  In  a-phase  region 
during  200  heat  cycles  In  the 
180-5500  range  EUid  In  absence 
thereof,  (Creep  tests  at  550°.) 
Specimens  cut  out  across  the 
direction  of  rolling.  Residual 
deformation  of  the  specimens 
after  1)  heat  cycles  with  con¬ 
tinuously  applied  load,  2) 
heat  cycles  without  load,  3)  creep 
tests  with  t  =  550°  and  t  =  5  hrs. 


The  effect  during  c.h.t.  of  the  amount  of  applied  tensile  stress 
on  residual  deformation  of  uranium  was  Investigated  In  specimens  vdilch 
decrease  In  length  In  c.h.t.  without  load.  The  viranlum  was  rolled  at 
500°  with  a  reduction  of  85$^;  the  specimens  were  cut  out  across  the 
direction  of  rolling  (Fig.  5).  As  Is  evident  from  Fig.  5,  change  In 
the  sign  of  deformation  is  observed  at  a  =  350  g/mm®.  With  external 


FrD-TT-62-1271/1+2+4 


-5" 


tensile  stresses  less  than  350  g/mm®  the  negative  effect  of  dimensional 
changes  during  c.h.t.  predominates  over  the  positive  effect  of  dimen¬ 
sional  changes  under  the  Influence  of  tension. 


Fig.  3.  Relation  of  residual 
deformation  In  uranium  rolled 
In  the  a-reglon  to  magnitude 
of  stresses  after  200  heat 
cycles  In  the  180-550°  range. 
Specimens  cut  out  across  the 
direction  of  rolling. 


^uu 

Cycle 


Pig.  4.  Effect  of  applied  ten¬ 
sile  stress  on  residual  deforma¬ 
tion  of  uranium  rolled  In  the  a- 
reglon  with  c.h.t.  In  the  180- 
550°  range.  Specimens  cut  out 
across  the  direction  qf  rolling. 
a  In  kg/ian®:  1)  0;  2)  0.1;  3) 

^  -  -‘1.4;  6)  0.3; 


0.2;  47  0.3;  5)  0, 
7)  1;  8)  2;  9)  3. 


The  dependence  of  residual  deformation  In  uranium  on  the  magni¬ 
tude  of  the  stresses  and  the  number  of  cycles  Is  shown  In  Fig.  4.  VIhen 
the  stress  Is  o  =  300  gfem®,  the  dimensions  of  the  specimen  stay  practi¬ 
cally  stable  and  change  little  vAien  the  number  of  cycles  Is  Increased. 

Tests  of  the  uranium  specimens  cut  out  along  the  rolling  direc¬ 
tion  (rolled  at  300°,  reduced  by  6o^)  showed  that  c.h.t.  and  creep 
caused  by  external  tension  both  change  the  dimensions  of  the  longi¬ 
tudinal  specimens  in  the  same  direction.  C.h.t.  and  stress  result 
In  a  residual  deformation  several  times  larger  than  total  resldiial 
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deformation  from  c.h.t.  alone  without  load  suid  from  creep  alone  at  a 
temperature  equal  to  the  highest  in  the  cycle  accompanied  by  corre¬ 
sponding  stress  (Fig.  5). 


Pig,  5.  Effect  of  continu¬ 
ously  applied  stress  on  resi¬ 
dual  deformation  In  luranium 
rolled  In  the  a-phase  region, 
l4o  heat  cycles  In  the  l80- 
5500  range.  Creep  tests  at 
550°,  Specimens  cut  out  along 
the  direction  of  rolling.  Resi¬ 
dual  deformation  of  specimens 
after  1)  heat  cycles  without 
load,  2)  heat  cycles  with  con¬ 
tinuously  applied  load,  5)  creep 
test  with  t  =  550°  and  t  =  14  hrs. 


ICS. 


Pig,  6,  Effect  of  preliminary 
heat  treatment  on  residual 
deformation  In  x^ranlum  during 
c,h,t.  In  the  180-550°  range. 
Residual  elongation  In  uranlvim 

1)  quenched  from  p-phase  after 
c,h,t,  with  stress  a  =  2  kg/mm®, 

2)  quenched  from  p -phase  after 
creep  tests  with  t  =  550°  and 
0=2  kg/mm®,  5)  annealed  In 
7-phase  after  c,h,t,  with  stress 
o  =  2kB/inm?,  4)  annealed  In  7- 
phase  after  creep  tests  with 

t  =  550°  and  0=2  kg/mm*. 


Thus,  c,h,t,  alone  causes  0,  8!«  elongation;  creep  at  500°  and 
•  stress  of  4  kg/mra®  for  4  hours  cause  8,4^6  residual  deformation;  but 

c,h,t,  under  a  stress  of  4  kg/mm®  affords  an  elongation  of  65, 8$^, 
This  Is  almost  seven  times  greater  than  the  total  deformation  from 
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creep  and  from  c.h.t.  without  stress  and  Is  almost  80  times  greater 
than  deformation  from  c.h.t.  without  continuously  applied  stress. 

We  shovild  note  that  the  total  residual  deformation  during  c.h.t. 
under  a  stress  of  4  l(g/mm*,  equalling  65.85^,  Is  two  times  greater  than 
relative  elongation  during  short  tensile  tests  at  550°.  (The  tempera¬ 
ture  of  550°,  eqtialllng  the  top  tenq)erature  of  a  cycle.  Is  also  the 
temperatisce  at  vftilch  relative  elongation  Is  at  Its  maximum  during  short 
tests  In  the  20-550°  range.) 

Residual  elongation  of  the  specimens  becomes  leu'ger  with  eui 
Increase  In  the  number  of  heat  cycles  and  with  the  magnitude  of  the 
applied  load.  Thermophysical  pre-treatment  exerts  a  substantial  Influ¬ 
ence  on  the  growth  of  the  urazilum  under  the  effect  of  c.h.t.  under 
load,  uranium  quenched  from  the  p-phase  region  undergoing  c.h.t.  In 
the  180-550°  range  with  a  =  2  kg/nmt^  gives  a  residual  elongation  equal 
to  93^  (Fig.  6) .  This  Is  many  times  greater  than  deformation  from 
creep  at  550°  with  a  =2k^mm®  and  Is  3.5  times  greater  than  the  rela¬ 
tive  elongation  during  short  tensile  tests  at  550°  (for  uranlxan  quenched 
from  the  p-phase  region  c  =  26, 35^). 

Specimens  of  uranium  with  disordered  crystallite  orientation 
(annealed  from  the  7-phase  region)  were  similarly  tested.  In  these 
specimens  we  also  observe  a  residual  deformation  which  has  Increased 
several  times  under  the  common  effect  of  c.h.t.  and  a  contlnuoxisly 
applied  stress  (Figs.  6  and  7). 

In  the  490-720°  range  we  observe  an  even  greater  Increase  In 
residual  deformatlcn  from  the  common  effect  of  c.h.t.  and  a  continu¬ 
ously  applied  load  (Fig,  8).  Thus,  after  100  heat  cycles  without 
applying  a  load  the  uranlvon  specimen  elongated  by  0.5$^;  after  100  heat 
cycles  wltho  =  a5  kg/ram^,  by  15.55f;  and  during  creep  tests  at  both 
620  and  720°,  by  only  0.6lJ^  (the  period  of  exposure  at  each  temper a- 
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ture  equalled  the  dxxratlon  of  100  heat  cycles) . 

Increasing  the  external  load  leads  to  a  rise  in  residual  deforma¬ 
tion,  Residual  elongation  after  100  cycles  ata=l  Icg/mm®  with  c.h.t. 
In  the  a-reglon  amounts  to  1.65^  (Plg.  7)  t  with  c.h.t.  In  the  490- 
720°  range  It  rises  to  37.856  (Plg.  8).  Thus,  with  the  same  stress 
c.h.t,  accompanied  by  phase  transformations  gives  a  residual  deforma¬ 
tion  23.6  times  greater  than  c.h.t.  In  the  a-reglon. 


Plg,  7,  Effect  of  continu¬ 
ously  applied  stress  on  resid¬ 
ual  deformation  In  uranlvun 
annealed  from  the  7-phase.  100 
heat  cycles  In  the  lo0-550® 
range.  Creep  tests  at  3^0°. 
Residual  deformation  of  speci¬ 
mens  after  1)  heat  cycles  with¬ 
out  load,  2)  heat  cycles  with 
constantly  applied  load,  3) 
creep  tests  with  t  =  550°  and 
T  =  14  hoirs. 

Increasing  the  heating  duration 


n  0.S  ip 


Stress  l<g/mm® 

Plg.  8.  Effect  of  continuously 
applied  load  on  residual  deforma¬ 
tion  In  uranium  during  100  heat 
cycles  In  the  490-720°  range  and  dur¬ 
ing  creep  tests.  Residual  deforma¬ 
tion  of  the  specimens  after  l) 
heat  cycles  without  load,  2)  neat 
cycles  under  load,  3)  creep  tests 
with  t  =  620  and  720°  (period  of 
exposure  at  each  temperature  equals 
the  ducat  Ion  of  100  heat  cycles) . 


from  1.5  to  3  minutes  enlarges 


residual  deformation  of  uranium  specimens  during  c.h.t.  under  load 
(Fig.  9). 

In  order  to  clarify  at  what  stage  of  the  cycle  the  greatest 
residual  deformation  of  the  specimen  occurs,  we  applied  loads  either 
only  when  heating  the  specimen  or  only  when  cooling  It .  When  this  was 
done,  the  residual  elongations  proved  to  be  different:  the  greatest 
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elongation  was  obtained  when  load  was  applied  when  the  specimen  was 
heated,  notwithstanding  that  during  one  cycle  the  period  the  specimen 
was  under  load  when  being  cooled  was  three  times  longer  than  when  being 
heated  (Fig.  10) . 


Time,  min 


Fig.  9.  Effect  of  duration  of 
heating  In  140  heat  cycles  on 
residual  deformation  In  uranlvun 
rolled  In  the  a-phase.  Specimens 
cut  out  along  the  direction  of 
rolling.  Residual  deformation 
of  the  specimens  after  heat 
cycles  with  1)  o  =  2  kg/mm*,  2) 
ff  =  0.8  kg/ranr. 


Fig.  10.  Effect  on  resldvial 
deformation  of  viranlum  rolled 
In  o-reglon.of  application  of 
stress  at  different  stages 
of  the  heat  cycle  (during 
heailng  alone  or  during  cool¬ 
ing  alone)  in  180-550°  range 
Specimens  cut  out  across  rolling 
direction.  Residual  deformation 
after  l^fO  heat  cycles  with  applica¬ 
tion  of  loawi  a  =  0.8  k^mm*  I) 
during  whole  cycle,  II)  only 
vdille  heating  specimen.  III) 
only  vAille  cooling  specimen, 

IV) without  stress. 
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The  total  elongation  of  the  specimens  under  stress  dvirlng  heating 
alone  or  during  cooling  alone  corresponds  to  the  elongation  of  the 
specimen  under  load  during  the  idiole  cycle. 

Altmilnumj  zlncj  and  alloys  of  the  brass  type  were  tested  like 
uranium,  l.e,,  the  magnitudes  of  residual  deformation  after  three  types 
of  tests  were  conqpared;  but,  vaillke  uranium,  the  specimens  were  heated 
In  alrj  but  were  cooled  In  water  (see  Pig.  lb) .  Figure  11  shows  the 
results  of  the  aluminum  and  zinc  tests. 


Pig.  11.  Effect  of  continuously  applied  stress  on  residual 
deformation  of  (a)  aluminum  and  (b)  zinc  with  and  without 
loo  cycles.  Residual  elongation  of  specimens  after  1)  heat 
cycles  without  load,  2)  heat  cycles  under  load,  5)  creep 
tests. 

After  loo  heat  cycles  without  external  load  the  specimens  elongated 
by  2.^5^  for  aluminum  and  7.55^  for  zinc.  The  specimens  elongated  by 
18. 45^  for  aluminum  and  15 .75^  for  zinc  after  creep  testlrxg  with  a  =>  0,21 
kg/ram®. 

Elongation  is  more  substantial  after  c.h.t.  with  a  continuously 
applied  load.  Thus,  aluminum  specimens  elongated  by  50.4^  after  c.h.t. 
wltho  =  0.21  kg/mm® j  and  zinc  specimens  under  the  same  stress,  by  265^, 

We  must  note  that  the  magnitude  of  residual  deformation  for  all 
the  tested  specimens  after  c.h.t.  with  a  continuously  applied  stress 
exceeds  the  total  residual  deformation  resulting  from  adding  the 
residual  deformations  during  c.h.t,  alone  without  load  and  during  creep 
tests. 
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Investigation  of  o-brass  (15.5  wt.  Zn)  and  p-brass  (46,3  wt,  Jt) 
specimens  after  100  heat  cycles  showed  that  c.h.t.  with  continuously 
applied  stress  gives  a  residual  deformation  exceeding  the  total  resi¬ 


dual  deformation  from  c.h.t.  alon 
at  a  temper atxxre  equal  to  the  top 
sponding  to  the  stress  (Fig.  12) . 


without  load  and  from  creep  alone 
tenqperature  of  the  cycle  and  corre- 

In  two-phase  alloy  specimens, 
e.g.,  a+p-brass,  39.6  wt.  5^  Zn,  we 
observe  a  different  picture  from 
that  in  a-  and  p-brass.  In  this 
case  the  residual  deformation  result¬ 
ing  from  creep  tests  alone  consider¬ 
ably  exceeds  deformation  resulting 
from  c.h.t.  with  continuously  applied 
load. 


Pig,  12.  Effect  of  continuously  Conclusions 

applied  load  on  residual  deforma¬ 
tion  of  specimens  of  copper-zinc  1,  As  a  result  of  the  appllca- 
alloys  depending  on  chemical  com¬ 
position,  Residual  elongation  tlon  of  slight  tension  to  speci- 
of  the  specimens  after  ij  100 

heat  cycles  without  load,  2)  mens  of  uranliun,  aluminum,  zinc, 

100  heat  cycles  under  load, 

3)  creep  tests.  a-  £uid  p-brass  during  c.h.t.  there 

arises  considerable  residual  deforma¬ 
tion,  which  substantially  exceeds 

in  value  (sometimes  by  several  times)  the  total  deformation  from  creep 
and  from  c.h.t.  without  application  of  load. 

2.  Cyclic  heat  treatment  of  transverse  specimens  of  textured 
sheet  uranium  in  the  a-phase  temperature  region,  and  also  of  p-brass 
without  tension,  causes  contraction  of  the  specimens;  but  with  small 
external  tension  causes  considerable  elongation  on  their  part  in  the 
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dlreotion  In  which  the  external  force  acts. 

As  a  result  of  c.h.t.  of  uranium  with  a  continuously  applied 
load  and  a  transition  throuid^  the  point  of  phase  transformation  P, 
the  residual  plastic  deformation  Increases  In  comparison  with  the 
deformation  resulting  from  c.h.t.  within  the  limits  of  the  o-reglon. 

4,  In  a+p-brass  the  residual  deformation  resulting  from  tests 
for  creep  alone  considerably  exceeds  deformation  vinder  the  Influence 
of  c.h.t.  with  a  continuously  applied  load.  The  dimensional  change 
of  the  specimens  Is  directed  toward  the  action  of  the  applied  external 
force. 

5.  The  considerable  change  In  the  magnitude  of  the  residual 
deformation  and  even  In  the  sign  of  the  deformation  resulting  from  the 
effect  of  small  stresses  applied  to  the  specimen  during  c.h.t.  Is 
explicable  4  from  oxxr  point  of  vlew>  by  saying  that  on  the  application 
of  a  constant  tension  to  a  specimen  undergoing  c.h.t. ,  the  Initial 
stage  of  the  first  period  of  creep.  In  vrtxlch  the  material  manifests  a 
heightened  capability  of  deformation.  Is  repeatedly  taken  advantage 
of.  This  heightened  capability  of  deformation  Is  also  abetted  by  the 
great  mobility  of  the  atoms  In  the  period  when  temperatvcre  gradients 
and  stresses  are  present  In  the  operation  of  the  heat  cycle,  and  also 
during  the  transition  through  the  point  of  phase  transformation  a+i  p. 
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